Patients with damage to the orbitofrontal cortex (OFC) display various impairments in cognitive and affective function, including a reduced ability to use information about the consequences of their actions to guide their behavior. In this study, rats with neurotoxic lesions of the OFC failed to use specific expectancies about outcomes to guide their learning of an instrumental discrimination task. In contrast, lesioned rats were unimpaired in a measure of learned motivational function, the potentiation of feeding under conditions of food satiation, by a conditioned stimulus that had been paired with food while the rats were food deprived. Notably, performance of both of these tasks has been shown to depend on the function of the basolateral amygdala (BLA), a region that is richly interconnected with the OFC. Thus, the present results are consistent with the view that the acquisition and use of specific outcome expectancies to guide behavior critically involve a neural system that includes the BLA and the OFC, but they indicate that certain motivational properties acquired by cues on the basis of appetitive learning involve BLA circuitry apart from the OFC.
Introduction
Associative learning has consequences beyond the conditioning of overt motor behavior. Pairing an initially neutral conditioned stimulus (CS) with a reinforcer allows that CS to activate a memorial representation of that reinforcer ("outcome expectancy"), which can have many behavioral effects (Rescorla, 1988) . Likewise, associative learning endows a CS with motivational properties. For example, a CS paired with food delivery often acquires the ability to serve as a conditioned reinforcer for the establishment of new learning (Rescorla, 1980) and to modulate the performance of consummatory (Weingarten, 1983) or instrumental (Dickinson et al., 2000) behavior.
Recent studies in rats and monkeys suggest that the orbitofrontal cortex (OFC) is critical to the use of learned outcome expectancies to guide behavior (Pickens et al., 2003; Izquierdo et al., 2004) and to some aspects of learned motivational function (Pears et al., 2003) . A common assessment of expectancy is the reinforcer devaluation procedure. In one version of this task, a rat is given light-food pairings, until the light consistently controls behavior directed to a food cup. Next, an aversion is established to the food by pairing it with an illness-inducing agent in the absence of the light. Finally, responding to the light is tested in the absence of the food. Although normal rats show a spontaneous reduction in food-cup behavior, rats with OFC lesions fail to show such a reduction Pickens et al., 2003 Pickens et al., , 2005 . This failure is believed to reflect an inability of OFClesioned animals to use a CS-activated expectancy of the newly devalued reinforcer to guide responding.
At the same time, Pears et al. (2003) reported that OFC lesions interfered with learned motivational processes in marmosets. Although lesioned animals showed normal acquisition of instrumental responding reinforced by food, they showed significant deficits in acquiring responding that was reinforced by a previously trained CS. The failure of a CS to serve as a conditioned reinforcer for instrumental responding in OFC-lesioned animals suggested that the OFC plays a critical role in the assignment of motivational value to the CS.
Similar impairments in conditioned reinforcement and in tests for the use of outcome expectancies, such as reinforcer devaluation, have also been seen after lesions of the basolateral amygdala (BLA) (Burns et al., 1993; Hatfield et al., 1996) . Because these two regions share rich reciprocal connections (Ghashghaie and Barbas, 2002) , the OFC and the BLA form a circuit that may mediate both learned motivational functions and the use of outcome expectancies to guide behavior.
The experiments reported here sought to extend such findings by evaluating the effects of OFC lesions on the performance of rats in two additional associative learning tasks: CS-potentiated feeding (Weingarten, 1983) , which is believed to engage learned motivational processes (experiment 1), and a differential outcome expectancy (DOE) task (Trapold and Overmier, 1972) , in which instrumental performance is mediated by learned expectancies (experiment 2). These tasks were selected on the basis of previous research showing them to be sensitive to disruptions in BLA function (Blundell et al., 2001; Holland et al., 2002) .
Materials and Methods

Subjects
The subjects were 26 male Long-Evans rats (Charles River Laboratories, Raleigh, NC) that weighed 300 -325 g when they arrived at the laboratory vivarium. After 1 week with ad libitum access to food and water in individual cages, the rats were reduced to 85% of their ad libitum weights by restricting their access to food. The rats lived in individual cages, with ad libitum access to water, in a colony room illuminated from 6:00 A.M. to 8:00 P.M. Experiment 1 was conducted in two replications, one with 18 rats and one with 8 rats, with lesion and behavioral training procedures balanced across replications.
Surgical procedures
Aseptic surgeries to make bilateral neurotoxic lesions of the OFC were performed under isoflurane (Isovet; Mallinckrodt, Mundelein, IL) anesthesia. The lesions were made using NMDA at a concentration of 20 mg/ml in PBS (Sigma, St. Louis, MO) and injected using a glass micropipette attached by a length of plastic tubing to a picospritzer (General Valve Corporation, Fairfield, NJ). OFC lesions were made in 16 rats, using four injection sites in each hemisphere: two injections at 4.0 mm anterior to bregma, 4.2 mm ventral from the skull surface at bregma, and placed 2.2 mm (0.08 l) and 3.7 mm (0.08 l) from the midline; and two injections at 3.0 mm anterior to bregma, 5.2 mm ventral from the skull surface at bregma, and placed 4.2 mm (0.08 l) and 3.2 mm (0.05 l) from midline. For 10 control rats, the glass micropipette was lowered to the same sites, but no injections were given.
Apparatus
The behavioral training apparatus for experiment 1 consisted of four individual chambers (22.9 ϫ 20.3 ϫ 20.3 cm) with aluminum front and back walls, clear acrylic sides and top, and a floor made of 0.48 cm stainless-steel rods spaced 1.9 cm apart. A dimly illuminated food cup was recessed in the center of one end wall. An infrared photocell placed just inside the food cup was polled (1 kHz) by computer circuitry. Each chamber was enclosed in a sound-resistant shell. A speaker, used to present an auditory CS, was mounted on the inside wall of the inner shell, 10 cm above the experimental chamber and even with the end wall opposite the food cup. Ventilation fans provided masking noise (70 dB). Constant dim illumination was provided by a 6 W lamp behind a dense red lens mounted next to the speaker. A television camera was mounted within each shell to provide a view of the chamber. Television images were recorded in selected sessions, but the analysis of these recordings is not presented. The apparatus used in experiment 2 comprised eight chambers similar to those used in experiment 1. These chambers included three visual CS sources: a jeweled 6 W lamp located 9.5 cm above the food cup and two 6 W lamps located on opposite side walls of the sound-attenuating shell, each centered 10 cm above the experimental chamber. In addition, any of three operant response devices could be inserted into each chamber. A 2 ϫ 2 cm lever could be positioned 5 cm above the floor, 2.5 cm to the left of the food cup; a 10 cm chain could be suspended from the ceiling to within 10 cm of the floor, 3.5 cm to the left of the food cup; and rats could be given access to a 2.5 cm port with a paddle behind it, 2.5 cm to the right and 9 cm above the food cup.
Behavioral training procedures
Experiment 1 examined the performance of sham-lesioned and OFClesioned rats in a potentiated feeding procedure, which assessed the ability of a CS to promote feeding while the rats were food sated. Hungry rats were first trained with a pavlovian discrimination procedure, in which one auditory CS was paired with food and another was nonreinforced. After an extended period of food satiation, food consumption in the presence of the previously reinforced CS and the nonreinforced CS was examined. In previous studies, normal rats ate more during the reinforced CS than during the nonreinforced CS or during baseline periods Petrovich et al., 2002; Holland and Gallagher, 2003) , but rats with lesions of the BLA did not show this potentiation of feeding. Those studies also showed that the enhanced consumption during a reinforced CS was independent of food-cup approach responses conditioned to the CS: feeding was potentiated regardless of where food was placed in the chamber, and brain lesions that eliminated potentiated feeding had no effect on the approach to the food cup, even in tests in which food was present in that cup.
All training sessions lasted 32 min and began daily at approximately the same time (9:00 A.M.). During the first two sessions, the rats were trained to eat from the recessed food cup. In each of these sessions, there were eight deliveries of the reinforcer used throughout experiment 1: two 45 mg food pellets (formula A; Research Diets, New Brunswick, NJ) given 0.5 s apart. In these and all remaining training sessions, the intertrial intervals were variable (mean, 4 min) within a range of 2-6 min. The rats then received training sessions to establish a discrimination between two auditory CSs. In each session of the first part of this training, one-half of the rats received eight reinforced 10 s presentations of an 80 dB white noise; the other half received eight reinforced presentations of a 10 s, 80 dB, 1500 Hz tone. In the second portion of this training, the rats received two reinforced presentations of the CS that they had received in the first part of training (CSϩ), randomly intermixed with six nonreinforced presentations of the other auditory stimulus (CSϪ). Because of experimenter error, the rats in the first replication received two initial CSϩ training sessions and 12 discrimination training sessions, and the rats in the second replication received four initial CSϩ training sessions and eight discrimination training sessions.
The rats were then given ad libitum access to food in their home cages for 9 d. On each of the last 2 d, the rats received a consumption test in the experimental chambers. Each consumption test began with a 10 min pretest of pellet consumption in the chambers before the presentation of a CS. In previous studies of potentiated feeding, we found that when satiated rats were placed in the experimental chambers, they often ran immediately to the food cup and ate any food there. The pretest was intended to reduce the contribution of this effect to feeding during the CS presentations. In the pretest, 50 pellets were present in the recessed food cup when the rats were placed in the chambers. After 10 min had elapsed, the rats were removed from the chambers and placed in transport cages. Food pellets were suctioned from the food cup and trays beneath the chamber floor and saved for counting. The food cups were then quickly refilled with 50 new pellets, and the rats were returned to the chambers for a 10 min test of consumption in the presence of the CSϩ or CSϪ. During that test, there were 10 CSϩ or CSϪ presentations, each of 10 s duration. No additional pellets were delivered after CSϩ. Both the reinforcement contingency in training (CSϩ or CSϪ) and the identity of the CS (tone or noise) were counterbalanced over the two test sessions. Finally, at the end of the 10 min CS consumption test, the rats were quickly removed, and the remaining pellets were suctioned and reserved for counting. Behavior was recorded by a video camera throughout each test, but analyses of the behavior are not presented here.
Experiment 2 examined the performance of these same rats in an instrumental discrimination task in which specific outcome expectancies controlled by discriminative stimuli could be used to guide instrumental behavior. Previous studies showed that instrumental discriminations that involve multiple stimuli, responses, and reinforcers (outcomes) are learned more rapidly if each stimulus-response combination is consistently related to a unique outcome (Trapold and Overmier, 1972; Blundell et al., 2001 ) than if the stimulus-response combinations are randomly reinforced with both outcomes. This observation has been attributed to subjects' use of learned outcome expectancies to supplement the explicit stimuli as cues to guide behavior. Consider a discrimination in which one response (R1) is reinforced only in the presence of one stimulus (S1) and another response (R2) is reinforced only in the presence of a second stimulus (S2). If correct responding during each stimulus is associated, in addition, with a unique outcome, then the unique outcome expectancies that each stimulus elicits can serve as supplemental discriminative cues to signal the correct response; only one response is reinforced in the presence of each expectancy. In contrast, if correct responding during each stimulus is randomly associated with both outcomes, then each response is reinforced in the presence of both expectancies, detracting from the ability of the explicit cues (S1 and S2) to control correct responding via differential outcome expectancies.
In experiment 2, each rat was given training that involved two different reinforcement outcomes (flavored sucrose solutions), three different visual CSs, and three different operant responses. As indicated in Table 1 , two of the stimulus-response combinations consistently led to unique outcomes (S1-R1-O1 and S2-R2-O2), whereas the third stimulus-response combination was reinforced with each outcome 50% of the time (S3-R3-O1/O2).
The identities of O1 and O2 (0.3 ml of a solution of 1 g of either orange or grape unsweetened Kool-Aid (Kraft Foods, Northfield, IL) and 50 g of sucrose in 1 L of water), S2 and S3 (illumination of the jeweled lamp, flashing at a rate of 3 Hz, or the steady illumination of the lamp on the left side of the chamber), and R2 and R3 (lever press or chain pull) were completely counterbalanced. S1 was the illumination of the lamp on the right side of the chamber, and R1 was paddle pushing for all rats. The performance of an inappropriate response (e.g., R1 at any time other than during S1) had no consequence.
Rats were first shaped to perform each of the three operant responses needed for differential outcome expectancy training. In each shaping session, only one of the operant responses was available. To encourage contact with the response device in these initial training sessions, it was covered with a paste of sucrose, food-pellet dust, and water. In the first session, performance of each R2 was reinforced with O2. The session ended for each rat after it reached 50 responses. In the second session, each R3 was reinforced with O1, until 25 responses were emitted; in the third session, each R3 was reinforced with O2 until 25 responses were emitted; and in the fourth session, each R1 was reinforced with O1 until 50 responses were emitted.
Next, rats were trained to emit each of these responses only in the presence of a particular visual signal over the course of nine 32 min sessions. In each of these sessions, only one response device was available. In the first three sessions, R1 was reinforced (with O1) during 16 30 s presentations of S1; in the next three sessions, R2 was reinforced (with O2) during 16 30 s presentations of S2; and in the final three sessions, R3 was reinforced (50% with O1 and 50% with O2) during the 30 s presentation of S3. Any rats that failed to perform a response were given an extra operant response training session without signals on that response before the next training session.
In the DOE test phase (shown in Table 1 ), the rats received five 30 min sessions of discrimination training, in which all three responses devices were available, and all three 30 s signals were presented in each session. In each of these sessions, the rats received eight S1-R1-O1 trials, in which each R1 during S1 was reinforced with O1, eight S2-R2-O2 trials, in which each R2 during S2 was reinforced with O2, and eight S3-R3-O1/O2 trials, in which each R3 during S3 was reinforced with either O1 (four trials) or O2 (four trials). The performance of any response other than the correct, reinforced response was recorded as an error but had no consequence.
To provide evidence of the ability of the lesioned rats to discriminate between the two reinforcers, we administered a test of discriminative taste-aversion learning to all of the rats at the conclusion of the experiment. On each of two training days, separated by 1 d during which there was no training, each rat received 5 min access to 12 ml of either orangeor grape-flavored sucrose in the liquid cups, paired with a 5 ml/kg injection of 0.3 M lithium chloride. Discriminative taste-aversion learning was assessed by measuring the rats' consumption of each of the two flavored sucrose solutions. On the second and third days after the final flavortoxin pairing, the rats received 5 min consumption tests in which 12 ml of solution was made available in the liquid cups. The order of solution presentation was counterbalanced.
Response measures Experiment 1. The measure of conditioning to an auditory CS during the pavlovian training phase was the percentage of time during which the food cup photobeam was broken (presumably indicating that a rat's head was in the food cup) during the last 5 s of each CS interval. In addition, the percentage of time in the food cup during the 5 s intervals immediately before each trial was recorded as a measure of baseline responding. The measure of consumption was the number of food pellets eaten, which was measured by subtracting the number of whole pellets remaining in the food cups and trays from 50. In the rare case of a rat's leaving fractional pellets uneaten, a fractional pellet was arbitrarily defined as a 0.5 pellet. In no case did a rat leave more than two fractional pellets. We reported the number of pellets consumed in the pretest periods and during the separate CSϩ and CSϪ tests. The difference between the number of pellets consumed in the CSϩ and CSϪ tests served as a measure of the effect of the past conditioning relationship of the CS with food on consumption in each rat and thus served as a direct, within-subject measure of the potentiated feeding effect.
Experiment 2. For each rat, we recorded the percentages of each trial type (S1, S2, or S3) during which each response (R1, R2, or R3) occurred as well as the percentage of dummy trials (empty intervals equal in duration to the trials, immediately before each trial) during which each of those responses occurred. The primary measure of discriminative responding in the DOE test phase was responding during S1. The correct (reinforced) response during S1 was R1; the critical data were the likelihood of R2 and R3 errors during S1. If learned expectancies of O1 and O2 were used as discriminative cues to direct responding, then R3 errors would be more frequent than R2 errors, because R1 and R3 shared the outcome O1, whereas R1 and R2 produced different outcomes. Thus, for responding during S1, R2 was defined as the "different-outcome error" (see Table 1 , bold type), and R3 was termed the "shared-outcome error." Comparable measures were constructed for responding during S2, in which R2 was the correct response, R1 was the different-outcome error (see Table 1 , bold type), and R3 was the shared-outcome error; however, we used responding during S1 as our primary measure, because S1 was the same stimulus for all rats, and S2, S3, R2, and R3 were perfectly counterbalanced among all rats.
Histological procedures
After completion of the behavioral testing in experiment 2, the rats were deeply anesthetized with Nembutal (150 mg/kg) and perfused with 0.1 M PBS, followed by 10% (v/v) Formalin. The brains were removed and stored in 0.1 M PBS with 20% (w/v) sucrose at 4°C for 24 -48 h. Sections (40 m) were taken from each brain, and alternate sections were mounted on slides and Nissl stained to verify the lesions.
Results
Histological results
Ten rats had acceptable lesions of the OFC encompassing the lateral and dorsolateral orbital regions, the lateral portions of the ventral orbital cortex, and portions of both the dorsal and ventral agranular insular cortex. This target region was designed to include areas on the dorsal bank of the rhinal sulcus that have reciprocal interactions with the BLA (Krettek and Price, 1977; Kita and Kitae, 1990; Shi and Cassell, 1998) but to exclude the medial orbital and medial portions of the ventral orbital cortex and gustatory regions located in the agranular insular cortex posterior to the genu of the corpus callosum (Saper, 1982; Kosar et al., 1986a,b; Krushel and Van der Kooy, 1988) . The lesions averaged 60% of the damage of the target region bilaterally. In most brains, damage was substantial along the anteroposterior axis of the target region from 2.7 to 4.7 mm anterior to bregma. No lesion extended anterior to the coronal plane ϩ5.0 or posterior to the plane ϩ2.2 relative to bregma. Photomicrographs of a representative lesion and sham brain are shown in Figure 1 . Six lesioned rats showed little evidence of damage and were discarded from the analyses. There was little discernable damage in any of the 10 sham-lesioned control rats.
Behavioral results
Experiment 1: pavlovian discrimination training
Two lesioned rats and one sham rat failed to acquire the auditory discrimination, and their data were discarded from experiment 1, leaving eight OFC-lesioned and nine sham rats. The OFC lesion did not affect auditory pavlovian discrimination learning, which was acquired rapidly in all remaining rats. Figure 2 (left) shows performance in the final four training sessions. A lesion (OFC or sham) by stimulus (reinforced or nonreinforced CS) ANOVA showed a significant effect of stimulus (F (1,15) ϭ 113.96) but no effect of lesion or lesion by stimulus interaction (F Ͻ 1).
Experiment 1: consumption tests
The primary data of this experiment are the results of the consumption tests with CSϩ and CSϪ. Figure 2 (right) shows consumption difference scores (CSϩ minus CSϪ) for OFC-lesioned and sham-lesioned rats. Both sham and lesioned rats ate more pellets in the test in which the previously reinforced CSϩ was presented (15.6 Ϯ 5.9 and 19.4 Ϯ 4.6 pellets, respectively) than in the test with the nonreinforced CSϪ (7.4 Ϯ 4.3 and 11.6 Ϯ 5.9 pellets). Thus, the ability of the noise and tone stimuli to potentiate eating depended on their associative history, that is, their previous pairing with food. A lesion by test (CSϩ or CSϪ) ANOVA showed only a main effect of test (CSϩ vs CSϪ): F (1,15) ϭ 15.85; p ϭ 0.001; remaining F Ͻ 1. Likewise, a contrast of the difference scores portrayed in Figure 2B showed no effect of lesion; F Ͻ 1.
Pretest food consumption also did not differ as a function of the lesion, averaging 29.6 Ϯ 4.2 pellets in OFC-lesioned rats and 30.4 Ϯ 3.6 pellets in sham-lesioned rats; F Ͻ 1. Finally, the lesions had no effect on the rats' test weights or weight gain during the satiation phase; F Ͻ 1.
Experiment 2
Three OFC-lesioned and two sham rats failed to acquire one or more of the three operants in the initial response-shaping sessions; they were eliminated from experiment 2, leaving seven OFC-lesioned and eight sham rats. The lesions did not affect acquisition of responding under the control of the three visual signals during the initial conditioning sessions, in which only one signal and its correct response device were available. By the last of each of these sessions, the percentage of trials on which at least one response occurred was 84.4 Ϯ 6.6, 88.3 Ϯ 7.1, and 90.6 Ϯ 6.0% during S1, S2, and S3, respectively, in the lesioned rats, and 86.6 Ϯ 8.9, 89.3 Ϯ 5.9, and 88.4 Ϯ 6.6% in the sham rats.
The primary data of experiment 2 were the acquisition of the test discriminations under the conditions shown in Table 1 . Figure 3 shows performance during S1, in which R1 responses were always reinforced with O1, and errors, consisting of R2 or R3 responses, were not reinforced. R2 responses were always reinforced with a different outcome (O2) on S2 trials, whereas R3 was reinforced with the same outcome (O1) as R1 on one-half of the S3 presentations and with O2 on the other half of the S3 trials. Over all five sessions (Fig. 4 A) , sham rats showed more sharedoutcome errors (R3) than different-outcome errors (R2) ( Table  1 , bold type) during S1. This result can be attributed to the rats' use of specific outcome expectancies to guide responding: responses reinforced in the presence of different expectancies (e.g., R1 and R2) were differentiated more readily than responses that yielded the same outcome (e.g., R1 and R3). In contrast, OFClesioned rats showed equivalent levels of shared-and differentoutcome errors. The absence of any difference in shared-and different-outcome errors in these rats is consistent with an impairment in the associative basis for outcome expectancy learning.
The levels of correct R2 responses on S2 trials (86.6 Ϯ 10.9% in sham rats and 79.6 Ϯ 15.8% in lesioned rats) and R3 responses In each of the five sessions of discrimination training, three discriminative stimuli were presented, and three response devices were available. O1 and O2 were two flavored sucrose solutions used as reinforcing outcomes (counterbalanced), R1 was a paddle-push response, and R2 and R3 were lever-press and chain-pull responses (counterbalanced). Bold type indicates the different-outcome error (see Results). S1 was the illumination of a visual stimulus on one side of the chamber, and S2 and S3 were two other visual stimuli (counterbalanced). 3 indicates a response-outcome contingency; Ϫ indicates no scheduled consequence of a response. on S3 trials (88.1 Ϯ 10.0 and 85 Ϯ 16.3%, respectively) did not differ among either responses or groups. Finally, Figure 3B , which portrays successive two-trial blocks of responding during the first session, shows that the differences in responding during the first training session reflected rapid acquisition of the differences in error frequencies rather than different initial levels of those responses. It might be argued that the sham rats were using cues provided by the reinforcing outcomes themselves to guide instrumental responding rather than S1-evoked expectancies of those outcomes (Blundell et al., 2001) . In that case, the deficit in the performance of the lesioned rats would reflect a deficit in their ability to use overt flavor cues, rather than flavor expectancies, to guide responding. To evaluate that possibility, we reanalyzed the data shown in Figure 4 A, excluding responses that occurred after the delivery of the first reinforcer on each trial. The remaining responses could not have been cued by the physical reinforcer delivered on that trial and thus reflect more clearly the influence of S1-evoked outcome expectancies. These data (Fig. 4 B) showed a pattern similar to those from the entire stimulus duration (Fig.  4 A) .
A lesion by error (R2 or R3) by sessions ANOVA of the data shown in Figure 3A (and summarized in Fig. 4 A) showed a significant lesion by error interaction: F (1,13) ϭ 6.47; p ϭ 0.024. Individual post hoc contrasts [Tukey's honestly significant difference (HSD) procedure; p Ͻ 0.05] revealed that the sham rats showed significantly fewer R2 different-outcome errors than R3 shared-outcome errors and also significantly fewer R2 differentoutcome errors than the OFC-lesioned rats. No other contrast was significant. A comparable ANOVA of the data that excluded postreinforcement responses (Fig. 4 B) also showed a reliable lesion by error interaction: F (1,13) ϭ 11.83; p ϭ 0.004. As with the analysis of the overall data, individual Tukey's HSD procedure ( p Ͻ 0.05) contrasts revealed that the sham rats showed significantly fewer R2 different-outcome errors than R3 sharedoutcome errors and also significantly fewer R2 different-outcome errors than the OFC-lesioned rats. No other contrast was significant, although the numerically lower levels of R3 errors in OFClesioned rats than in sham-lesioned rats approached significance: p ϭ 0.082.
Comparable analyses of performance during S2 (data not shown in Figs. 3 or 4) were also performed. For those analyses, R2 was the correct response, R1 was the different-outcome error, and R3 was the shared-outcome error. As with the analyses of S1 responding, sham-lesioned rats showed more shared-outcome (R3) errors (49 Ϯ 4.1%) than different-outcome (R1) errors (29.7 Ϯ 8.5%), but OFC-lesioned rats did not (39.3 Ϯ 6.9 and 39.9 Ϯ 8.1%). Statistical analyses like those performed on S1 responding yielded comparable outcomes.
Finally, although the lesioned rats showed no evidence of using differential outcome expectancies to guide their instrumental responding, they learned the final flavor aversion discrimination as well as the shams. Thus, their deficiency in using outcome expectancies is not attributable to an inability to discriminate between the two outcomes. The OFC-lesioned rats consumed means of 2.7 Ϯ 0.5 ml of the devalued flavor and 6.8 Ϯ 1.5 ml of the nondevalued flavor, and the sham-lesioned rats consumed 2.7 Ϯ 0.7 and 7.2 Ϯ 0.7 ml, respectively. A lesion by flavor ANOVA showed a significant effect of flavor (toxin-paired or not presented in training) (F (1,13) ϭ 28.99; p Ͻ 0.001) but no effect of lesion or its interaction with flavor (F Ͻ 1).
Discussion
In this study, rats with neurotoxic or sham lesions of the OFC were tested in both a CS-potentiated feeding task and a DOE task. Although rats with OFC lesions showed normal CS-potentiated feeding in experiment 1, their performance on the DOE task was substantially impaired in experiment 2. In that experiment, rats were trained to make different cue-specific instrumental responses, which led to distinct reinforcing outcomes (two flavors of sucrose solution). Although the pattern of errors observed showed that sham-lesioned rats used cue-elicited outcome expectancies to help guide their instrumental responding, OFClesioned rats showed no evidence of using outcome expectancies to guide their behavior. This failure was not attributable to a deficit in discriminating between the two outcomes themselves, because the lesioned rats showed no deficit in discriminating between the two flavored outcomes in a flavor-aversion learning task conducted at the end of the study.
The OFC lesion deficit observed in experiment 2 is consistent with many accounts of OFC function, including those that emphasize the role of the OFC in the representation of information about rewarding outcomes (Rolls, 2000; Montague and Berns, 2002) , those that focus on its role in response selection (Arana et al., 2003) , and those that point to its involvement in response inhibition (Dias et al., 2000) . Expectancy-guided behavior in the DOE task required learned associative access to specific representations of the two reinforcing outcomes by the visual cues, the selection of an instrumental response appropriate to the outcome anticipated on each trial, and the suppression of responses inappropriate to that outcome. Thus, in principle, OFC lesioninduced deficits in any of these processes might underlie the lesion effects observed in experiment 2; however, it is notable that OFC-lesioned rats were no poorer than sham-lesioned rats at suppressing shared-outcome errors. Instead, lesioned rats were only deficient at using outcome expectancies to suppress the performance of a response (the different-outcome error) that was never appropriate to the anticipated outcome. Thus, the deficit observed here implicates the OFC in the acquisition or use of specific outcome expectancies, rather than a more general inhibitory function.
OFC neurons have been demonstrated to selectively code properties of expected rewards, such as their magnitude and valence, in many experimental settings (Schoenbaum et al., 1998 Tremblay and Schultz, 1999) . It is notable that the two outcomes used in experiment 2 differed only in flavor; they had equal caloric value and were equally preferred. Thus, the OFC was important for acquiring or using expectancies that coded sensory properties of the reinforcing outcomes. The OFC is well positioned for such a role, because it is richly interconnected with brain regions that process the gustatory and olfactory information necessary to distinguish between the two outcomes used in experiment 2, as well as visual information provided by the discriminative stimuli (Carmichael and Price, 1995a,b) . Holland and Gallagher (2004) noted that the acquisition of outcome expectancy information and the use of that information to guide behavior may depend not only on OFC function but also on the interaction of the OFC with the BLA. For example, performance in the devaluation task (described in Introduction) is disrupted by lesions of either the BLA (Hatfield et al., 1996; Balleine et al., 2003) or the OFC Pickens et al., 2003) . Similarly, the impaired performance of OFC-lesioned rats in the DOE task of experiment 2 complements observations of deficits in DOE performance after BLA lesions. Blundell et al. (2001) found that BLA lesions disrupted performance in a simpler, between-subjects version of the DOE task, and in an unpublished study, we found BLA lesion deficits using procedures identical to those of experiment 2. Finally, Schoenbaum et al. (2003) found that a neural correlate of outcome expectancy that emerges in the OFC in the presence of a predictive cue depends critically on BLA integrity. Such encoding failed to emerge in OFC recordings ipsilateral to a neurotoxic lesion in the BLA when rats used different odor cues to predict the occurrence of either a positive (sucrose) or a negative (quinine) reinforcer. Together, these data provide additional support for the view of Holland and Gallagher (2004) .
In contrast to the behavioral deficits produced by OFC lesions in experiment 2, OFC damage in experiment 1 had no effect on the ability of a pavlovian CS, trained with a food reinforcer while the rats were food deprived, to enhance feeding after 1 week of food satiation. Coupled with the results of experiment 2, the failure to find OFC lesion effects in experiment 1 is of interest in constraining the basis for CS-potentiated feeding. Specifically, associatively activated representations of outcome information apparently do not play a critical role in CS-potentiated feeding. For example, it might otherwise be argued that a CS potentiates feeding while sated by activating a memorial representation of the value of the food when the rat was in the deprived state at the time of the original training. Because OFC damage interfered with associatively activated outcome representations in these same rats in experiment 2, it is unlikely that such information was involved in the potentiated feeding observed with the procedures of experiment 1.
Although we found no effects of OFC lesions on CSpotentiated feeding, others have suggested that the OFC serves an important motivational function in associative learning, whereby previously neutral cues acquire motivational value as a result of pairings with reinforcers (Baxter and Murray, 2002; Pears et al., 2003) . Furthermore, these authors suggested that this learned motivational function of the OFC depends on its interaction with the BLA, as we discussed earlier in the case of learned outcome expectancies. Consistent with this claim, although a CS paired with food typically acquires the ability to serve as a conditioned reinforcer (Fantino, 1977; Rescorla, 1980) , that ability is impaired in animals with lesions of either the BLA (Cador et al., 1989; Burns et al., 1993; Hatfield et al., 1996; Parkinson et al., 2001) or the OFC (Pears et al., 2003) . It seemed reasonable to anticipate that another BLA-dependent motivational function acquired by a CS paired with food, the potentiation of feeding in satiation , would also critically involve the OFC; however, the results of experiment 1 indicate that BLA-OFC connectivity is not critical to this function.
This discrepancy between the effects of OFC lesions on potentiated feeding and on conditioned reinforcement has implications for our understanding of both the function of BLA-OFC systems and the nature of these two learning phenomena. Although both of these phenomena are described as reflecting acquired motivational functions of a CS and both are dependent on BLA function, they differ in a number of important ways. For example, potentiated feeding involves enhancement of a speciestypical consummatory response elicited by an innate reinforcer, whereas conditioned reinforcement involves assessment of the ability of a cue to support the acquisition or maintenance of an arbitrary instrumental response. It is possible that for a cue to serve as a conditioned reinforcer, it must maintain access to the value of the original primary reinforcer from which the conditioned reinforcement value was derived, a process known to be OFC dependent (Pickens et al., 2003) . At the same time, modulation of feeding itself by learned cues may involve more direct access to neural systems that control ingestive behavior. Thus, the role of the BLA in potentiated feeding may parallel somewhat the role of the amygdala in other learned control of innate behavioral systems, such as conditioned fear. Indeed, Petrovich et al. (2002) found that CS-potentiated feeding, but not conditioned reinforcement, depends on BLA projections to the lateral hypothalamus. Notably, this pattern is the opposite of that found for the OFC (experiment 1) (Pears et al., 2003) . A better understanding of the basis for abnormalities often reported in patients with OFC damage (Bechara et al., 1997; Dolan, 1999) is emerging from the use of behavioral tasks as analytic tools in experimental animals. Such research is shedding light on how information processing within broader neural systems subserves functions that depend on the OFC. The features of such OFC-dependent functions that can be modeled in various tasks will help to provide a theoretical basis for understanding the role of this system in cognition and affect.
